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PURPOSE: To minimize the time required for evacuating 
a multi-chamber vacuum treating device to a basic degree 
of vacuum, by providing a vacuum means which is 
communicated with isolatable areas, and establishing the 
degrees D f vacuum in the areas and vacuum gradients 
between areas. 

CONSTITUTION: A housing 22 has four chambers 
composed of a robot type buffer chamber 24 at one end, a 
phase shifting robot chamber 28 at the other end, and 
pre- and post-treating chambers 26 and 27. The 
chambers 24 and 28 are communicated with ech other 
through the chambers 26 and 27. At the time of treating 
wafers, the throughput is increased by using one passage 
for loading or unloading and the chambers 26 and 27 for 
pre-treatment Before treatment, the degrees of vacuum 
in the chamber areas and vacuum gradients between 
each area are established. Therefore, the time required 
by an evacuating device 50 for communicating the 
isolated vacuum chambers with each other end 
evacuating the chambers to the basic degrees of vacuum 
selected for the chambers can be minimized. 
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[57] ABSTRACT 
A processing system for workpieces such as semicon- 
ductor wafers is disclosed which incorporates multiple, 
isolated vacuum stages between the cassette load lock 
station and the main vacuum processing chambers. A 
vacuum gradient is applied between the cassette load 
lock and the main processing chambers to facilitate the 
use of a very high degree of vacuum in the processing 
chambers without lengthy pump down times. Separate 
robot chambers are associated with the vacuum pro- 
cessing chambers and the load lock(s). In addition, sepa- 
rate transport paths are provided between the two robot 
chambers to facilitate loading and unloading of work- 
pieces. Pre-treatment and post-treatment chambers may 
be incorporated in the two transport paths. 
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1 2 

In one aspect, our invention is encompassed in a 
STAGED- VACUUM WAFER PROCESSING workpiece transport system, and its method of opera- 

SYSTEM AND METHOD tion, which achieves at least selected ones of the above 

objects and comprises first and second vacuum cham- 

This is a continuation of application Ser. No. 355,008, 5 bers, including respective first and second robot means 
filed May 19, 1989, now abandoned. therein for loading and unloading workpieces; and a 

pair of passages interconnecting the first arid second 
BACKGROUND OF THE INVENTION robot-containing chambers, for providing separate 

The present invention relates generally to semicon- transport paths between the chambers, 
ductor wafer vacuum processing systems and to single 10 In another aspect, our invention is incorporated in a 
wafer, cassette-to-cassette, robot vacuum processing staged, vacuum-isolation processing system, and its 
systems. method of operation, which achieves various of the 

In order to decrease contamination and to enhance above objectives and comprises: a multiplicity of isolat- 
through-put, a number of recently introduced, single- able communicating regions including at least a vacuum 
wafer processing chambers use a system configuration 15 load lock chamber; a vacuum workpiece-processing 
comprising a wafer transfer robot which transports chamber and an intermediate workpiece transport re- 
wafers between a cassette load lock and plural/multiple gion; and vacuum means communicating with the iso- 
vacuum processing chambers. Access (1) between the latable regions for establishing a base vacuum level in 
individual process chambers and (2) between the robot the regions and a vacuum gradient across the system 
chamber and the load lock chamber is via slit valves 20 from region-to-region- Preferably, the workpiece trans- 
which selectively isolate the process chambers from the port region comprises first and second vacuum cham- 
robot and the robot from the load lock chamber. This bers, including respective first and second robot means 
configuration permits processing in one or more cham- therein for loading and unloading workpieces; , and a 
bers while wafers are being loaded or unloaded at other pair of passages interconnecting the first and second 
process chambers or at the load lock chamber and per- robot-containing chambers for providing separate trans- 
mits random access, in vacua wafer transfer from one port paths therebetween. First and second workpiece 
processing chamber to another via the robot chamber. processing chambers or groups of such chambers can be 

An article entitled *T>ry Etching Systems: Gearing provided in communication with the first and the see- 
Up for Larger Wafers", in the October, 1985 issue of 2Q ond robot-containing chamber, respectively. These first 
Semiconductor International magazine, pages 48-60, and second processing chambers are isolated one from 
discloses such a system and specifically, a four-chamber the other by the robot-containing chambers and pas- 
dry etching system in which a_ robot in a pentagonal- sages and, consequently, can be used for processing at 
shaped housing serves four plasma etching chambers different vacuum levels and/or using incompatible gas 
and a cassette load/unload load lock chamber mounted 35 chemistry, and without cross-contamination, 
on the robot housing. Preferably, our system includes first and second vac- 

Despite the increased vacuum isolation provided by uum load lock chambers in communication with a first 
such state-of-the-art systems, to our knowledge typi- one of the robot-containing chambers for supplying and 
cally such systems have difficulty providing commer- receiving workpieces. The dual load locks enhance 
cially acceptable throughput for high vacuum pro- 40 throughput in that one can be open (to the atmosphere) 
cesses, for example, physical vapor processes such as for loading and unloading of workpieces, while the rest 
sputtering. Specifically, the time required to pump of the system is at vacuum and transporting workpiece 
down processing chambers or their load lock chambers internally and/or processing workpieces. 
to their base level, following loading of wafers into the In another aspect of our invention, one or both of the 

chambers, is excessive. 45 passages includes a chamber therein for treating work- 

pieces prior to transfer from one robot-containing 
SUMMARY OF THE INVENTION chamber or transfer station to the other. For example, 

1. Objects such chambers may be used for precleaning semicon- 
In view of the above discussion, it is one object of the ductor wafers before they enter a high vacuum transfer 

present invention to provide a processing system for 50 station. This pre-treatment isolation decreases contami- 
workpieces such as semiconductor wafers which is nation of the transfer station and processing chambers, 
configured to minimize the time required to pump down decreases vacuum pump down time, and, thus, increases 
the system's chambers to their base vacuum level after throughput. 

loading of wafers therein. In another aspect, our invention is embodied in a 

It is a related object to decrease contamination and 55 staged-vacuum system which comprises a plurality of 
increase throughput by pre-cleaning and otherwise semiconductor wafer processing chambers; a wafer 
pre-treating wafers within the system prior to their load/unload station preferably comprising two load 
entering high vacuum regions. lock chambers for supplying and receiving wafers; a 

It is another object to provide a system as described plurality of chambers interposed between and provid- 
above which is adapted for minimizing the pump down 60 ing a serial transfer path between the load/unload sta- 
time and, thus, increasing throughput for very high tion and the processing chambers; and slit valves which 
vacuum chambers, for example, for physical vapor pro- are situated along the transfer paths and interposed 
cessing chambers such as those used for sputtering. between adjacent chambers for selectively sealing the 

It is still another, related objective to provide a vac- chambers to isolate adjacent chambers one from the 
uum processing system which enhances processing ca- 65 other. Also, a vacuum system communicates with the 
pability and throughput by providing separate isolat- vacuum chambers for establishing a selected base vac- 
able, wafer transport paths. uum level in each isolated chamber and a vacuum gradi- 

2. Summary ent across the system from charaber-to-chamber. 
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thereby minimizing the time required to pump down the interior of the buffer robot chamber via access ports 36 
chambers to their selected base vacuum level. and associated slit valves 38. A plurality of vacuum 

In still another aspect, our invention is embodied in a processing chambers 34 (illustratively five) are mounted 
multiple chamber staged-vacuum semiconductor wafer about the periphery of the transfer robot station. (As 
processing system, comprising a plurality of semicon- 5 used here, "plurality" means two or more.) The cham- 
ductor wafer processing chambers; a wafer load/unload bers 34 may be adapted for various types of processing 
station preferably comprising two load lock chambers including etching and/or deposition, Access is provided 
for supplying and receiving wafers; and a chamber to and between each of the chambers by an associated 
housing including first and second wafer transfer cham- port 36 and gate valve 38. 

bers communicating with one another along a first path 10 The robot chambers 24 and 28 communicate with one 
from the first wafer transfer chamber via a first interme- another via the intermediate processing or treatment 
diate processing chamber to the second wafer transfer chambers 26 and 27 (also called "treatment" chambers), 
chamber and along a second path from the second Specifically, intermediate treatment chamber 26 is lo- 
wafer transfer chamber via a second intermediate pro- cated along a corridor or pathway 30 which connects 
cessing chamber to the first wafer transfer chamber. 15 the transfer robot chamber 28 to the buffer robot cham- 
The load/unload station communicates with the first ber 24. Similarly, the second intermediate treatment 
wafer transfer chamber and the semiconductor wafer chamber 27 is located along a separate corridor or path- 
processing chambers communicate with the second vw j2 w**;ch connects the robots 28 and 24. These 
wafer transfer chamber to complete the system path separate paths between the two robot or transfer cham- 
from load/unload station to processing chambers. 20 bers permit one path to be used for loading or unloading 
In still another, method aspect, our present invention while the system is being used for wafer processing 
is embodied in a method of transporting workpieces in treatment and, thus, provide increased throughput, 
vacuo, comprising transferring selected workpieces Please note, the chambers 26 and 27 can be dedicated to 
from a first vacuum chamber to a second vacuum cham- pre-treating (e.g„ plasma etch cleaning and/or heating) 
ber along a first passageway interconnecting the cham- 25 of the wafers before processing in chambers 34 or post- 
bers and returning selected wafers from the second to treating (e.g., cool-down) of the wafers following treat- 
the first chamber via a second passageway intercon- ment in chambers 34; alternatively, one or both of the 
necting the chambers. In a particular aspect, the transfer chambers 26 and 27 can be adapted for both pre-treat- 
chambers are robot chambers each of which is in com- ment and post-treatment. 

munication with one or a group of vacuum processing 30 Preferably, the housing 22 is a monolith, Le., it is 
chambers and which, along with the interconnecting machined or otherwise fabricated of one piece of mate- 
passageways, effectively isolate one group of process- rial such as aluminum to form the four chamber cavities 
ing chambers from the other. 24, 26, 27 and 28 and the interconnecting corridors or 

In yet another method aspect, our invention relates to pathways 30 and 32. The use of the monolith construc- 
a method of transporting workpieces through a vacuum 35 tion facilitates alignment of the individual chambers for 
system and comprises loading the workpieces at a vac- wafer transport and also eliminates difficulties in sealing 
uum load lock station; sequentially transferring the the individual chambers. 

workpieces within the system through isolated regions One typical operational cycle of wafer transport 

of increasing vacuum levels to a vacuum processing through the system 20 is as follows. Initially, RG buffer 
chamber for selected prc>cessing of the workpiece; and 40 robot 40 in chamber 24 picks up a wafer from a cassette 
upon completion of the selected processing, returning load lock 21 and transports the wafer to chamber 26 
the wafer to the load lock station. which illustratively etch cleans the surface of the wafer. 

R0 transfer robot 42 in chamber 28 picks up the wafer 

BRIEF DESCRIPTION OF THE DRAWINGS from the ^^1^^ chamber 26 and transfers the 

The above and other aspects of our invention are 45 wafer to a selected one of the preferably high vacuum 
described in the enclosed drawings in which: processing chambers 34. Following processing, transfer 

FIG. 1 is a schematized top plan view of a presently robot 42 can transfer the wafer selectively to one or 
preferred embodiment of our staged-vacuum, multiple more of the other chambers 34 for processing. Then, 
chamber semiconductor wafer processing system; following use of this random access-type transfer capa- 

FIG. 2 is a perspective view of a presently preferred 50 bility, the transfer robot 42 transfers the wafer to inter- 
embodiment of a magnetically coupled co-axial drive mediate processing chamber 27 which illustratively is a 
robot used in the system of FIG. 1; and cool-down chamber. After the cool-down cycle, buffer 

FIGS. 3 and 4 are plan views of the robot and associ- robot 40 retrieves the wafer , from the chamber 27 and 
ated linkage showing the robot arm in the retracted returns it to the appropriate cassette load lock chamber 
position (FIG. 3) and in the extended position (FIG. 4). 55 21. 

As alluded to above, the system 20 is uniquely de- 
DETAILED DESCRIPTION OF THE signed so that each chamber stage (main processing 

INVENTION chambers 34/transfer robot chamber 24/intermediate 

FIG. 1 is a schematic plan view of the configuration processing chambers 26, 27/bufTer robot chamber 
of a presently preferred embodiment 20 of our staged- 60 24/load lock chambers 21) can be isolated from all the 
vacuum semiconductor wafer processing system. The other chambers. None of the chambers or stages, with 
system includes a housing 22 which defines four cham- the exception of the cassette load lock(s) 21; is vented to 
bers: a robot buffer chamber 24 at one end, a transfer atmosphere during processing. In addition, during 
robot chamber 28 at the opposite end, and a pair of wafer transfer, only two adjacent chambers need be in 
intermediate processing or treatment chambers 26 and 65 communication at any time. As a result, variations in 
27. Although one or more load lock chambers 21 may vacuum level and, specifically, reductions in the vac- 
be used, preferably two such chambers are mounted to uum level during wafer transfer can be minimized by 
the buffer chamber and in communication with the using a vacuum pumping system 50, FIG. 1, to provide 
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a vacuum gradient across the system from the cassette on one of the concentric shafts and is reversibly rotated 
load lock 21 to the vacuum processing chambers 34. with that shaft to impart e movement to the robot. A 
The staged vacuum is applied across the system with wafer arm 52 having a wafer-holding pocket 54 at one 
the degree of vacuum increasing in order from the cas- end is mounted at the other end via a linkage system 
sette load locks 21 to the processing chambers 34. Con- 5 comprising pivot arms 56 and 58 to the second concen- 
sequently, the time required to pump down chamber 34 trie shaft (not shown) of the magnetic-coupled drive 
to its base vacuum level subsequent to the loading of a system. Rotation of the second shaft in opposite direc- 
wafer therein is minimized and very high degrees of . tions pivots the links 56 and 58, thereby effecting R 
vacuum can be used in the processing chambers 34 translational movement of the arm 54 between the re- 
without lengthy pump down times and, thus, without 10 tracted position shown in FIG. 3 and the extended posi- 
adversely affecting system throughput. Also, since the tion shown in FIG. 4. 

wafers can be pre-cleaned and/or pre-heated before Having thus described preferred and alternative em- 
entering high vacuum, there is less system contamina- bodirhents of our present invention, it is understood that 
tion and throughput is increased. one of usual skill in the art will derive alternatives and 

In addition to the enhanced vacuum isolation, 15 variations which are within the scope of the invention, 
throughput and processing versatility provided by the We claim: , 
intermediate stage chambers 26 and 27, the abovemen- 1. A staged vacuum-isolation processing system com- 

tioned stations or chambers 44 and 46 can be mounted prising: a multiplicity of isolatable communicating 
on the bufFer robot chamber 24 to provide still addi- gjons including at least a vacuum load lock chamber; a 
tional processing isolation, flexibility and throughput 20 vacuum workpiece-processmg chamber and an lnterme- 
enhancement For example, chamber 44 may be an diate workpiece transport region; and vacuum means 
orienter which is used to orient the wafer flats prior to communicating with the isolatable regions for establish- 
processing. Alternatively, an entire cassette of wafers in ing a vacuum gradient of decreasing pressure across the 
load lock chamber 21 may be oriented one at a time system from load lock chamber to workpiece-process- 
preparatory to transfer to the processing chambers. 25 ing chamber. 

Chamber 46 may also be dedicated to pre-processing 2'. A workpiece transport system comprising first and 
treatment. Alternatively, one or both of the chambers second vacuum chambers and a pair of vacuum passage- 
44 and 46 may be used for post-processing treatment, ways interconnecting the first and second vacuum 
for both pre-processing and post-processing treatment, chambers and providing selectable isolation of, and 
or for processing itself. These chambers 44 and 46 are 30 separate workpiece transport paths between, the first 
very effectively isolated from the processing chambers and second vacuum chambers. 

34 by the intervening individually isolated buffer cham- 3. A workpiece transport system comprising first and 

ber 24, transport paths 26 and 27 (and associated cham- second vacuum chambers, including respective first and 
bers) and transfer chamber 28. Thus, chambers 44 and second robot means therein for loading and unloading 
46 can be conveniently used for processes which re- 35 workpieces; and first and second vacuum passageways 
quire a different (and/or incompatible) chemistry and- interconnecting the first and second robot-containing 
/or different (typically lower) pressure relative to the vacuum chambers for providing separate transport 
group of processing chambers 34. For example, the high paths between said vacuum chambers 
degree of isolation facilitates the use of corrosive gas 4. The workpiece transport system of claim 3, further 
chemistry in the chambers 34 without affecting the 40 comprising valve means for isolating the first and sec- 
atmosphere and processing/treatment in the chambers ond robot-containing vacuum chambers and the first 
44 46, and vice versa. and second vacuum passageways, one from the other. 

In a presently preferred embodiment, buffer robot 40 5. The workpiece transport system of claim 4, further 
is the dual four-bar link robot disclosed in allowed May- comprising vacuum load lock means including at least a 
dan et. al. patent application, entitled "Multi-Chamber 45 first vacuum load lock chamber in communication with 
Integrated Process System", U.S. Ser. No. 283,01 5, now the first robot-containing vacuum chamber for supply- 
abandoned, which application is incorporated by refer- ing wafers to and receiving wagers from said first vac- 
ence. This robot is preferred for the use in the buffer uum chamber; and at least one vacuum processing 
chamber 24 in part because it combines a folded, very chamber connected to the second robot-containing 
compact configuration and footprint with a relatively 50 vacuum chamber. 

long reach and, thus, the capability to service the cas- 6. The workpiece transport system of claim 3 or 5, at 

sette load lock(s) 21, the buffer stage treatment/process- least one of the first and second vacuum passageway 
ing chambers 44, 46 and the intermediate stage process- further including a treatment chamber therein for treat- 
ing treatment chambers 26, 27. ing workpieces prior to transfer from one of the first 
The presently preferred transfer robot 42 is depicted 55 and second robot-containing vacuum chambers to the 
in FIGS. 2, 3 and 4. The prime criteria satisfied by this other. 

robot include, first, a long reach; secondly, minimiza- 7. The workpiece transport system of claim 6, further 
tion of the number of gears and other moving parts comprising at least a first and a second workpiece pro- 
within the very high vacuum which is used in processes cess chamber in communication, respectively, with the 
such as physical vapor deposition and; thirdly, effective 60 first and second robot-containing vacuum chambers; 
sealing for such high vacuum environments. Robot 42 and valve means for isolating the first and second vac- 
comprises a support plate 46 which is sealing mounted uum process chambers from their associated robot-con- 
to the base plate of the robot cavity. A magnetic-cou- taining chambers, whereby the atmosphere in the first 
pling, concentric-shaft drive system 48 is mounted to vacuum processing chamber is isolated from the atmo- 
the base plate external to the vacuum chamber 28 and 65 sphere in the second vacuum processing chamber via 
incorporates rotational drive means which are magneti- the intervening chambers and passageways, 
cally coupled to concentric shafts (not shown) to effect 8. A multiple chamber staged-yacuum semtconductor 
the R0 movement of the robot A slide 50 is mounted wafer processing system, comprising: 
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a plurality of semiconductor wafer processing cham- 
bers; 

a wafer load/unload chamber for supplying and re- 
ceiving wafers; 

a plurality of chambers interposed between and pro- 5 
viding a pair of transfer paths between the load/un- 
load chamber and the processing chambers; 

valve means situated along said transfer paths and 
interposed between adjacent chambers and selec- 
tively sealing said adjacent chambers to selectively lc 
isolate said adjacent chambers one from the other; 
and 

vacuum means communicating with the isolatable 
vacuum chambers for establishing a vacuum gradi- 
ent of decreasing pressure across the system from 12 
load lock chamber to semiconductor wafer-proc- 
essing chamber. 

9. The staged vacuum semiconductor wafer process- 
ing system of claim 8, wherein the semiconductor wafer 
processing chambers are selected from deposition and 
etching chambers. 

10. The staged vacuum semiconductor wafer process- 
ing system of claim 9, the semiconductor wafer process- 
ing chambers including at least a physical vapor deposi- ^ 
tion chamber. 

11. A multiple chamber staged vacuum semiconduc- 
tor wafer processing system, comprising: 

at least a plurality of semiconductor wafer processing 
chambers; 30 

a wafer load/unload station supplying wafers for 
processing in the processing chambers and receiv- 
ing wafers from the processing chambers; and 

a chamber housing including first and second wafer 
transfer chambers communicating with one an- 35 
other along a First path from the first wafer transfer 
chamber to the second wafer transfer chamber via 
a first intermediate processing chamber and along a 
second path from the second wafer transfer cham- 
ber via a second intermediate processing chamber 40 
to the first wafer transfer chamber, the load/unload 
station being mounted to and communicating with 
the first wafer transfer chamber and the semicon- 
ductor wafer processing chambers being mounted 
to and communicating with the second wafer trans- 45 
fer chamber. 

12. The multiple chamber staged vacuum semicon- 
ductor wafer processing system of claim 11, wherein 
the first intermediate chamber is adapted for semicon- 
ductor wafer cleaning. 50 

13. The multiple chamber staged vacuum semicon- 
ductor wafer processing system of claim 11, wherein 
the first intermediate chamber is a wafer cool down 
chamber. 

14. The multiple chamber staged vacuum semi con- 55 
ductor wafer processing system of claim 11, wherein 
the intermediate chambers are adapted for treating a 
wafer prior of subsequent to processing in the process- 
ing chambers. 

15. The multiple chamber stage vacuum semiconduc- 60 
tor wafer processing system of claim 11, the first and 
second wafer transfer chambers each having a robot 
mounted therein for respectively (1) reciprocally trans- 
ferring wafers between the loading and unloading sta- 
tion and the intermediate chambers and (2) for recipro- 65 
cally transferring wafers between individual ones of the 
processing chambers, and between the processing 
chambers and the intermediate chambers. 



16. The multiple chamber staged vacuum semicon- 
ductor wafer processing system of claim 15, wherein 
the robot in the second or transfer station comprises a 
slide mounted within the chamber for horizontal recip- 
rocal rotation; a wafer holding arm mounted on the 
slide for reciprocal sliding movement; a pair of co-axial 
shafts, a first one of the shafts connected to the slide for 
imparting reciprocal 0 rotation to the slide and the 
second shaft being connected via link' means to the 
wafer arm for translating reciprocal rotational move- 
ment of said shaft into reversible R translation of said 
wafer arm. 

17. A staged vacuum semiconductor wafer process- 
ing system comprising: 

(1) a multiplicity of vacuum processing chambers; 

(2) wafer queuing load lock chamber means for im- 
puting wafers to and retrieving wafers from the 
system; 

(3) a multiplicity of vacuum processing and transfer 
stations interposed between and providing a serial 
transfer path between the load lock chamber means 
and . the processing chambers; 

(4) valve means situated along said transfer path and 
interposed between adjacent chambers and selec- 
tively sealing said chambers to isolate said adjacent 
chambers one from the other and thereby form a 
serial array of isolated vacuum stations of said 
chambers; and 

(5) vacuum means for establishing a selected base 
vacuum level in the separate isolated vacuum 
stages and a vacuum gradient of decreasing, pres- 
sure across the system from load lock chamber 
means to the vacuum processing chambers, thereby 
reducing the time required to pump down each 
chamber to its selected base vacuum level. 

18. A staged- vacuum semiconductor wafer process- 
ing system, comprising: 

(1) a chamber housing including a first relatively 
small robot chamber and a second relatively large 
robot chamber, the robot chambers communicat- 
ing with one another via a pair of intermediate 
chambers, along a first path from the first robot via 
a first intermediate chamber to the second robot 
chamber and along a second path from the second 
robot chamber via a second intermediate chamber 
to the first robot chamber; 

(2) load lock means mounted on the first robot cham- 
ber; 

(3) at least a plurality of vacuum processing chambers 
mounted on the second robot chamber; 

(4) the first robot chamber having a robot mounted 
therein for reciprocally transferring wafers be- 
tween the load lock means and said intermediate 
chambers; 

(5) the second robot chamber having a robot 
mounted therein for reciprocally transferring wa- 
fers between the processing chambers and between 
the processing chambers and 'the intermediate 
chambers; 

(6) access ports between and for providing communi- 
cation between (a) the individual process chambers 
and the second robot chamber, (b) the second robot 
chamber and the two intermediate chambers, (c) 
the two intermediate chambers and the first robot 
chamber, and (d) the first robot chamber and the 
load lock means; 

(7) valve means for selectively opening and closing 
said access ports; 
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(8) vacuum means for selectively providing a staged 
vacuum in the system with a relatively low degree 
of vacuum in the load lock means and a relatively 
high degree of vacuum in the processing chambers; ^ 
and 

(9) computer means for controlling processing within 
the vacuum processing chambers and selectively 
transferring wafers from said load lock means via 
the first path to selected vacuum processing cham- l0 
bers and from selected vacuum processing cham- 
bers via the second path to the load lock means. 

19. The staged-vacuum semiconductor wafer pro- 
cessing system of claim 18, wherein the valve means 
selectively isolated the vacuum chamber or stages, and 15 
wherein the vacuum means establishes a selected base 
vacuum level in each chamber and a vacuum gradient 
across the system from chambcr-io-chamber, thereby 
reducing the time required to pump down each cham- ^ 
ber to its selected base level. 

20. A method of transporting workpieces in vacuo, 
comprising transferring selected workpieces from a first 
vacuum chamber to a second vacuum chamber along a 
first passageway interconnecting the chambers and 25 
returning selected wafers from the second to the first 
chamber via a second passageway interconnecting the 
chambers. 

30 



21. The transporting method of claim 20, wherein the 
first and second vacuum chambers are robotic work- 
piece transfer chambers each of which is in communica- 
tion with one or more vacuum processing or treatment 
chambers. 

22. A method of transporting a workpiece through a 
vacuum system comprising loading a workpiece at a 
vacuum load lock chamber means; sequentially transfer- 
ring the workpiece within the system through isolated 
regions of increasing vacuum levels to a vacuum pro- 
cessing chamber for selected processing of the work- 
piece; and upon completion of the selected processing, 
returning the workpiece to the load lock chamber 
means. 

23. The system of claim 1, wherein the intermediate 
workpiece transport region comprises: first and second 
vacuum, workpiece transfer chambers connecting with 
one another along a first path between the first work- 
piece transfer chamber and the second workpiece trans- 
fer chamber via a first intermediate vacuum processing 
chamber and along a second path between the first 
workpiece transfer chamber and the second workpiece 
transfer chamber via a second vacuum intermediate 
processing chamber; the load lock chamber communi- 
cating with the first workpiece transfer chamber; and 
the workpiece-processing chamber communicating 
with the second workpiece transfer chamber. 

***** 



35 



40 



45 



50 



55 



60 



65 



